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ABSTRACT 
Samples of runoff were collected during storms from four different 
areas within the drainage basin of Westhampton Lake, Richmond, Virginia, 
between October, 1977, and January, 1978. The areas were a residential 
area, concrete street gutter, asphalt parking lot, and broadleaf forest. 
The samples were analyzed for pH, levels of reactive phosphate, 
nitrate, and turbidity, and their effects on the growth of algae from 
Westhampton Lake. 
The pH of runoff from the residential area, gutter, and forest 
usually ranged between 6-7 and the parking lot usually ranged between 
4-5. Levels of turbidity varied considerably between storms and areas. 
Runoff from the forest had the highest levels of turbidity and reactive 
phosphate. Runoff from parking lot had the lowest level of turbidity. 
Nitrate was most concentrated in runoff from the gutter and lowest from 
runoff from the parking lot. 
Runoff from the different areas did not have different effects on 
growth of algae. Cultures grown in mixtures of runoff and lake water 
had similar coefficients of growth and carrying capacities. They had 
slightly lower coefficients of growth and carrying capacities than 
cultures grown solely in lake water. Physical and chemical character-
izations, therefore, are not adequate for predicting the impact of 
such runoff on the growth of algae in receiving bodies of water. 
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INTRODUCTION 
Storm runoff is an insidious source of pollution for lakes. It 
arrives at unpredictable intervals and often contains high and variable 
amounts of substances that affect aquatic life. In undisturbed water-
sheds, the impact of runoff is relatively slow, but in urban areas, 
the problem of runoff is greater and even outranks point sources as a 
serious source of pollutants (Sartor and Boyd, 1972). Urbanization dis-
turbs land surfaces. Devegetation increases loads of sediments and 
nutrients carried in the runoff. Paving of land results in increased 
discharge rates with incr~ased p0wers of erosion (Uttormark et al., 1974). 
Substances on the land in urban areas often are highly concentrated, 
e.g. lawn fertilizers, car exhausts, and unusual, e.g. salt for thawing 
ice in winter, various petroleum drippings (Sartor and Boyd, 1972). 
Characterization of runoff, therefore, is an important step in under-
standing and possibly controlling the deleterious influences of runoff. 
To date, most attempts to characterize runoff are based on physical and 
chemical parameters as these factors are relatively simple and quick to 
determine. These studies also make little effort to clearly delineate 
different types of land surfaces according to characteristics of runoff 
but tend to include all surfaces under one category, e.g. urban, agricul-
ture, and forest. 
Phosphorus is a limiting factor in algal growth in most lakes 
(Smith, 1974). Runoff plays an important part in the addition of phos-
i phorus to lakes. Dugan and McGauhey (1974) showed that runoff from human 
I 
occupancy of land under newly and well developed conditions showed an 
appreciable excess in algal growth-stimulating nutrients over that from 
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land under natural conditions in Lake Tahoe along the border of Cali-
fornia and Nevada. They also found that the phosphorus in the streams 
entering Lake Tahoe averaged three times more than that in the lake. 
Kleusner and Lee (1974) estimated that approximately eighty percent 
of the total phosphorus influent to Lake Wingra in Madison, Wisconsin, 
was from urban runoff. A study in Morristown, New Jersey, indicated 
that the nutrient contribution from urban runoff was a major one, with 
phosphorus concentrations of 1,.5. to. Ll .m&f 1 in August and March (Whipple 
et al., 1974). Shapiro (1973), in a study in Minneapolis, found that 
storm water runoff contains as much as 2 mg phosphorus/liter and accounts 
for one-half to two-thirds of the phosphorus reaching each lake annually. 
In addition to phosphorus, high concentrations of nitrogen compounds, 
which have a direct influence on lake productivity, have been found in 
urban runoff. Shapiro (1973) found high levels of nitrogen present in 
storm water in addition to phosphorus. He noted a seasonal pattern for 
both phosphorus and nitrogen with high levels in the spring, lower ones 
in the summer, and higher ones again in the fall. In Madison, Winconsin, 
Cowen et al. (1976) found that about 70 percent of the total nitrogen 
in urban runoff could become available for algal growth in receiving 
waters. In Lake Tahoe, total nitrogen in the creeks averaged about two 
times that in the lake (Dugan and McGauhey, 1974). The quantity of 
nutrient from various land areas is a major factor in determining the 
effect runoff can have on a lake. While most research has examined 
runoff of different areas, it fails to clearly delineate the various land 
surfaces. This detailed examination of land surfaces and their runoff 
is a problem that only a few have studied. A study done on Lake Jackson 
in Florida compared storm water consitutents between the urban and 
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forested watersheds (Harriss and Turner, 1974). This study indicated 
greater concentrations of phosphates and nitrates coming from the urban 
areas. Hart_igan et al. (1977) found high phosphorus and nitrogen 
levels in urban areas and also found a relationship between ground cover 
and nutrient level. The effect of impermeable surfaces and runoff has 
been described in a great number of reports (Brater, 1968; Sartor and 
Boyd, 1972; Pitt and Arny, 1973). In most of these studies the runoff 
from the impermeable surfaces has played a major role in increasing nu-
trient levels in the receiving bodies of water. Cowen and Lee (1976) 
compared land us_ages and urban runoff and discovered similarities in the 
type of particulate phosphorus from the various land areas. To under-
stand better storm water runoff, these types of studies are needed to 
aid in locating sources of possible pollutants. 
Most studies concentrate on the chemical aspects of runoff, how-
ever it is also necessary to regard the storm water runoff as a causa-
tive agent, and observe the impact the runoff has on plants and animals 
in the receiving waters. This impact can effectively be measured by 
means of bioassays. The bioassay allows for both stimulatory as well as 
inhibitory effects of the runoff. Harriss and Turner (1974) performed 
bioassays using runoff mixed with lake water and found significant 
changes in phytoplankton growth against the control of lake water. 
Filip and Middlebrooks (1976) discovered by bioassays that cattle waste 
runoff had a stimulatory effect in low concentrations, but higher concen-
trations had an inhibitory effect due to runoff toxicity. Bioassays can 
be carried out in the laboratory to demonstrate the amount of nutrient 
supplied by the environment (Fitzgerald, 1972). When the information 
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gained from the bioassay is correlated with the chemical analysis, a 
more complete picture of the impact of runoff on lakes is gained. 
Runoff in previous studies usually has been collected from storm 
drains or small streams that feed the lake or river, therefore the 
collection often represents a composite of several kinds of runoff. If 
runoff is collected before it reaches the drainage ditches, a runoff 
sample can be taken directly from the source. Data from such samples 
should provide a means for identifying the effect of runoff from spe-
cific types of land surfaces. The object of this study was to compare 
the quality of runoff from different land surfaces in the watershed of 
Westhampton Lake, Richmond, Virginia. This watershed was chosen because 
it is readily accessible, has a variety of land surfaces plus previous 
studies indicate that runoff may play an important role in influencing 
growth of algae in the lake. 
Bishop (1971) determined that daily variations in photosynthesis 
were directly related to rainfall. Photosynthesis of the algae in-
creased for several days after rainfall. It also has been shown that 
1-2 days following a storm, the levels of turbidity, nitrate, and phos-
phorus increased and those of alkalinity decreased. The photosynthetic 
rate of phytoplankton decreased shortly after storms, then surpassed 
and returned to pre-storm levels within a week (Bishop, 1977). Con-
versely, Moore (1973) found that primary productivity in the lake was 
not significantly correlated with turbidity, nitrate, orthophosphate, 
and several other physical and chemical parameters. 
Sease (1976) measured phosphate levels of runoff samples from 
various land areas surrounding Westhampton Lake. He discovered the 
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ihighest level of phosphate was coming from the asphalt parking lot of 
the newly constructed Robins Center, an athletic building at the Uni-
versity of Riclunond, Virginia. The present investigation elaborates 
the study by Sease. It compares runoff from various land types with 
respect to physical, chemical, and biological properties. 
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METHODS AND MATERIALS 
Sampling 
Collections of storm water runoff were made after eight storms 
during the months of October, 1977, thro.ugh January, 1978, from four 
types of land areas when possible. If the rain was not intense enough 
to cause runoff in all areas, then samples were taken only from those 
areas that had runoff. The storms from which samples were collected 
varied both in intensity and amount of precipitation (Table 1). The 
heaviest rainfall occurred on October 26 when between 2.54 cm to 5.08 
cm of rain fell up to the time of collection. The number of samples 
taken depended on the intensity and amount of rain. The lighter rainfall 
such as November 17 and November 22 did not allow for runoff in the resi-
dential or forested areas. The average air temperature decreased with 
time (Table 1). The highest temperature was 18 Con November 17, and 
the lowest was the January 13 rainfall with 1 C. The number of days 
between rainfalls varied from three to nine throughout the period 
(Table 1). The land areas in this study were in the drainage basin of 
Westhampton Lake. The four areas included a residential zone, a broad-
leaf forest, an ashalted parking lot, and a street gutter (Fig. 1-4). 
The drainage basin of Westhampton Lake and the approximate location of 
each of these areas are shown in Fig. 5. 
The sampling apparatus consisted of a polyethylene funnel connected 
by rubber tubing to a 1 liter polyethylene bottle (Fig. 6). Funnels 
were slanted along the ground or pavement so as to avoid catching direct 
rain. Bottles were either set out prior to the·storm or collections were 
made at the start of the storm. These bottles were returned to the 
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laboratory and frozen until bioassays could be set up and chemical 
analyses done. 
Bioassays 
Bioassays were done with minor variations according to the proce-
dures in the Algal Assay Procedure Bottle Test (National Eutrophication 
Research Program, 1971). The experimental cultures consisted of 200 ml 
of lake water plus 50 ml of runoff water in a 500 ml flask stoppered 
with a foam plug. This dilution was decided upon after a pilot study 
was done using various dilutions. The 200 ml - 50 ml dilution gave the 
clearest results in the pilot study. The runoff water samples were 
shaken before addition to the flask to obtain equal distribution of any 
sediment that was collected in the runoff. The sediment was present be-
cause the samples were not filtered. The flasks were prepared for use 
by washing in Alconox, rinsing the tap water, and then rinsing five 
times with 10% HCl. After the acid rinse, they were rinsed five times 
with tap water and then five times with distilled water. Triplicate 
flasks of runoff water and lake water were prepared for each runoff 
sample. The control was 250 ml of pure lake water, also done in tri-
plicate. 
of 13 C. 
All flasks were stored in a cold chamber at a temperature 
The light intensity was approximately 400 ft-c as provided 
by "cool-white" fluorescent lights. The samples were mixed thoroughly 
on a magnetic mixer and checked for chlorophyll fluorescence every day 
or every other day. These readings were made on a Turner Fluorometer 
Model 111. Dilutions were made when the readings became too high to 
be measured. At the end of the growth period, which lasted approximately 
twenty days, samples were analyzed for qualitative data. 
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Bioassays were set up on two separate occasions. January 9, 1978, 
was des_ignated as experiment 1 and experiment 2 was February 1, 1978. 
Different storms were used in each experiment. Due to an unavoidable 
power failure, the cold chamber was turned off and the temperature of 
the samples of the January experiment rose to about 50 C for a few 
hours. Since the samples continued to grow, the results of the experi-
ment were kept and used. 
Calculations were made from the fluorescent readings for the values 
of carrying capacity (K) and coefficient of growth (r). The carrying 
capacity was determined to be the peak or highest reading in the growth 
curve. The coefficient of growth was determined from the formula: 
d N r N (K - N) 
IT= K 
where N = population size 
t = time 
r = coefficient of growth 
K = carrying capacity 
d = change in 
This equation says that the rate of increase of a population is equal to 
the potential increase of the population times the proportion of the 
carrying capacity of the habitat that is still unexplored (Smith, 1974). 
This curve is called a logistic growth curve. This formula was computed 
by means of a computer program. The r values were calculated on this 
program by using the method of the least sum of squares. 
Chemical Analysis 
Measurements of orthophosphate, nitrate-nitrogen, pH, and turbidity 
of the runoff samples and lake water were taken using various tests. 
There were no values for nitrate concentration obtained from the pure 
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lake water because lake water samples were unavailable at the time the 
analyses were run. Turbidity readi_ngs were obtained in Jackson Tur-
bidity Units (J.T.U.) using a Hach Water Testing Kit (Hach Chemical 
Co.). Values for pH were measured on a Beckman Zeromatic pH meter. 
Nitrate concentration was measured by the Brucine-Sulfate Method 
in Standard Methods for the Examination of Water and Wastewater 
(American Public Health Association, 1971) and recorded in parts per 
million (ppm). Phosphate analysis was done according to the procedure 
of determination of reactive phosphorus as noted in A Manual of Sea 
Water Analysis (Strickland and Parsons, 1965). This is known as the 
Ascorbic Acid test. Phosphate concentrations were recorded in ppm. 
RESULTS 
Values of phosphate concentrations in the storm water runoff sam-
ples varied both with time and between areas (Table 2). The parking 
lot had the most consistent readings, and all of them were fairly low 
with an average of 0.070 ppm. The street gutter had variable readings 
ranging from 0.053 ppm on December 14 to 0.739 ppm on November 1 with 
an average of 0.209 ppm. The residential zone gave consistent readings 
with an average of 0.174 ppm. The mean phosphate level in the runoff 
between storms varied from 0.044 ppm to 0.396 ppm demonstrating the 
great vari~bility between storms (Table 2). The concentration tended 
to be high in the month of November and then decreased in the next two 
months. 
Nitrate concentrations also showed great fluctuation in different 
aspects (Table 3). The gutter region had the highest nitrate variation 
as it did with phosphates, ranging from 0.051 ppm of nitrate on December 
14 to 0.616 ppm on November 22. The average gutter reading was 0.234 
ppm, the highest of all the areas. The lowest gutter reading in both 
the phosphate and the nitrate test was on December 14. The parking lot 
again had low readings with an average of 0.147 ppm. The residential 
area gave moderately high and consistent readi_ngs with only a few 
slight variations. The nitrate readings of the forest area fluctuated 
as they did with phosphate, but the variation was not as extreme. The 
nitrate concentrations of the forest runoff ranged from 0.930 ppm to 
0.257 ppm with an average value of 0.171 ppm. When examining the dif-
ferences of nitrate levels between rainfalls, it is noted that again 
the month of November contains the highest readings (Table 3). 
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The ratios of concentrations of nitr_ogen to phosphorus in the 
runoff of the.four different areas are shown in Table 4. The parking 
lot had the highest ratios of nitrogen to phosphorus of the four areas 
with an average of 2. 73. The nitr_ogen and phosphorus in the residential 
area were lowest with the two nutrients approaching equal amounts with 
the exception of January 7 which is considerably inconsistent with the 
readings from other storms. The N/P ratios of the forest and the street 
gutter generally fall in between those of the parking lot and the resi-
dential zone. 
The values of pH varied from 4.4 to 8.1 (Table 5). The pH of the 
asphalt parking lot was much lower than the values of the other experi-
mental areas. The parki_ng lot pH consistently ranged from 4. 4 to 6. 0. 
The comparison of the mean pH values from each storm showed no dramatic 
fluctuations. The range of the mean pH values of separate storm runoffs 
was from 5.6 to 6.5. 
The runoff samples showed great variation in turbidity readings 
(Table 6). Th.ere were major variations in all areas and also between 
areas. The parking lot had values of turbidity that were usually lower 
than other areas. The forest runoff sample gave the highest readings 
with the values of two samples over 500 J.T.U. The water was dirty and 
contained much sediment. Mean values for the separate storms varied, 
ranging from a low of 35.5 J.T.U. to a high reading of 168.8 J.T.U. 
Turbidity was not related to the type of storm. 
To conduct the bioassay, it was necessary to examine the lake water 
that was used as a control and as the base water for the experimental 
flasks (Table 7). The phosphate levels for the two lake samples were 
11 
-~12 
low. The pH of the two samples were 6.5 and 6.7, while the turbidity 
readings varied: greatly with readings of 4 2 J. T. U. and 110 J. T. U. 
(Table 7). It was noted that the lake water used in the second experi-
ment was slightly muddy. The first water sample was used for the 
storms from October and November, while the second was used for the 
storms from December and January. The water temperature, at the time 
the samples were taken, was 4-5 C (Table 7). 
The carrying capacities of the lake water samples for the experi-
ments were 102.7 and 131.3 (Table 7). The carrying capacity was chosen 
to be the highest fluorescent reading on the fluorometer scale in the 
time span, and the average was obtained between the triplicate flasks. 
The coefficient of growth varied between the two controls (Table 7). 
The higher growth coefficient had the lower carrying capacity, and also 
the higher phosphate level. The h_igher turbidity of the control of 
experiment 2_ gave the highest carrying capacity. 
The carryi_ng capacities for the various areas showed as much fluc-
tuation as did the nutrient levels (Table 8). Surprisingly there was 
no correlation between the fluctuations. They appeared to vary ran-
domly. The K values varied from a low of 62.0 to a high of 145.3, both 
in the forest sample. This type of variance was characteristic of the 
entire experiment. The mean values of K for the individual storms de-
monstrated a slight increase with time (Table 8). 
The values for coefficient of growth (r) for the individual samples 
showed little variation (Table 9). The values ranged from 0.27 to 
0.35 with an exception appearing in the forest sample as a value of 
0.18. Overall there was no dramatic difference in the rate of growth 
of algae between the samples. The mean r values of the individual 
storms both increased and decreased from storm to storm (Table 9). 
There is no apparent pattern of the fluctuations, and again they 
could not be correlated with the variations of the nutrient levels. 
Each characteristic varied from storm to storm. 
A comparison of the mean values along with the standard deviations 
of the storm water runoff constituents and the logistic growth values 
is presented in Table 10. The runoff samples also can be compared 
with the control samples. There are several values that should be 
noted. The mean values of carrying capacity and coefficient of growth 
were found to be ~ighest in the control samples of pure lake water, 
but these samples had the lowest phosphate readings. The highest 
phosphate concentration was found in the forest sample which had the 
lowest logistic growth values. The lowest nutrient readings and the 
lowest pH readings were obtained from the parking lot runoff and its 
growth values appeared to be about average as compared to the other 
samples. High phosphate and nitrate concentrations were found in the 
gutter runoff, but the logistic growth values appeared about average. 
Nutrients from the residential area were greater than the control and 
the parking lot, but had no dramatic effect on growth values. The 
large standard deviations were due to the great variations found be-
tween storms. The greatest variation was found in the gutter runoff 
sample, whereas generally the least was in the residential zone. 
After the bioassay was completed, a qualitative analysis was 
performed on several of the experimental samples. The major kinds of 
algae in the bioassay were pennate diatoms; both motile and non-motile 
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forms. Eudorina sp., Microcystis sp., and Scenedesmus sp. were also 
present in small amounts. 
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DISCUSSION 
Westhampton Lake is a small freshwater lake located on the 
campus of the University of Richmond. It is fed by two streams, the 
larger one (Little Westham Creek) entering from the northeast corner, 
the other (intermittent and unnamed) from the northwest corner. 'Ihe 
lake and its drainage basin are located in the Piedmont Province. The 
rocks of the area are mostly metamorphosed sedimentary igneous rocks 
of undetermined age intruded by large bodies of granite (Richmond 
Regional Planning District Conunission, 1973). 
The drainage basin of Westhampton Lake covers an area of approxi-
mately 1,327 acres. Of this area, 973 acres (73%) are residential, 
239 acres (18%) are paved, including streets, parking lots, driveways, 
and sidewalks, and 26 acres (2%) are undeveloped land (Sease, 1976). 
The basin is bounded approximately by Three Chopt Road, Parham Road, 
Ridge Road, College Drive and River Road. The lake receives runoff 
from precipitation with the turnover time, assuming 102 cm of rain per 
year and a 50% runoff, being approximately 0.4 month (Moore, 1973). 
Precipitation is distributed throughout the year with extended dry 
periods and wet periods. The average annual precipitation in the West-
hampton Lake area is 110.62 cm, July being the wettest month (National 
Oceanic and Atmospheric Administration, 1976). 
It is precipitation that largely controls the fate of any body 
of water. The input_or_lack of input of water and nutrients aids in 
determining the future __ of the -1?-ke. In this study the nutrient levels 
of storm water runoi_i__were examined with respect to the growth of 
phytoplankton in water froin Westhampton Lake. Although there are 
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several ways nutrients enter the lake. e.g. ground water and direct 
rainfall, this study_considered only direct runoff. 
The nutrient levels of phosphate:_in .the __ runoff samples were found 
to be higher with .. levels of 0.070 ppm to 0.255 ppm in comparison with 
0.067 ppm in the_.lake_water control. This is in agreement with studies 
done by others as exemplified by D_ugan and McGauhey (1974), who found 
values of phosphorus and nitrogen two to three times higher in storm 
fed tributaries of Lake Tahoe than in the lake. 
One difference between the present study and other urban drainage 
studies in the point of collection. Whereas other studies have dealt 
with samples collected from storm drains or streams, this study was 
concerned with samples taken shortly after it had become runoff. These 
samples more clearly delineated runoff from different areas, whereas 
other studies get a composite of runoff from different land types. 
This meant, for example, collecting from drainage ditches at the end of 
a residential lawn or from slopes in a wooded region and could account 
for some of the differences between nutrient levels in the Westhampton 
runoff and those in other studies (Table 11). The nitrate levels es-
pecially· are higher in the previous research than in the present study. 
For example, Kleusner and Lee (1974) found nitrate levels in urban 
runoff to be about 0.60 ppm which was well above the nitrate levels 
of the Westhampton Lake runoff, a difference possibly due to the dif-
ference in distance that the water traveled and terrain covered. A 
sample taken from a stream as was done in earlier studies would have 
traveled farther and perhaps leached more nitrate from the soil than 
samples taken shortly after origin. Johnson et al. (1969) found that 
stream water was the mixing of rain water or surface ground water with 
deeper soil water .. This mixture might account for some of the varia-
tions in both nitrate and phosphate concentrations between samples 
taken directly from the land and those taken from streams. 
The nutrient levels also varied with each storm although there 
was no identifiable pattern (Table 10). Variations could be due to 
differences in intensity at the beginni_ng of the rainfall as collection 
bottles were designed to catch the first part of the runoff. Insuffi-
cient data precludes conclusions concerning the intensity of the first 
part of the rainfall, however a more intense storm might cause a larger 
degree of nutrients to be washed into the runoff than a storm that be-
gins with a light rain. This concept of rain intensity vs. runoff was 
described by Horton (1933). He stated that surface-runoff was approxi-
mately equal to the rainfall excess and this was zero for rain intensi-
ties less than infiltration capacity. It is reasonable to assume that 
a rainfall of little intensity would either evaporate or would infil-
trate the ground, carryi_ng with it nutrients leached from the soil. 
A hard, drivi_ng rain would quickly wash particles into surface runoff 
while at the same time allowing for infiltration. 
The residential zone runoff was intermediate for values of phos-
phate and nitrate. Runoff was mainly from yards of several houses 
with some roof gutters dumping water into the drainage ditch. The 
majority of nutrients coming from a residential area would be expected 
to come from lawn fertilizers. It was unknown whether this area was 
fertilized duri_ng this time but nutrient levels were only moderate 
as compared to other areas. As this was direct land runoff, there was 
no possibility of household sewage affecting the results, as noted in 
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other studies (Weibel, 1967). Duri.ng autumn, leaf fall could be a 
big factor in contributing nutrients to the runoff as leaves are washed 
into the drainage ditches at the e.dges of the lawns. Leaves are often 
piled in ditches for collection, thus the _leaves act as a reservoir 
of phosphate and nitrate for storm runoff. Cowen and Lee (1973) found 
that wet oak leaves collected in November after a rainstorm contained 
23 ug P/g of leaves as dissolved reactive P. They also noted that 
damage to leaves increased the phosphorus contribution to runoff. Tur-
bidity was high in this sample due to particulate matter washed down 
from exposed areas of lawns. 
Most of the runoff came from the impermeable surface areas, e.g. 
the street gutter and the parking lot. According to Sylvester (1961) 
waste water from the streets contains about twice as much phosphorus 
as does flowing water in wooded regions. Sartor and Boyd (1972) 
named several basic sources of surface street contaminants. Examples 
of these were the pavement itself, motor vehicles (leakage of fluids, 
exhaust and rust particles), vegetation (leaves, pollen and bark), 
runoff from adjacent areas, litter, spills, and road salts. It is 
evident from these examples that the amount of material on the street 
surface would vary considerably according to location and time (Sartor 
and Boyd, 1972). This is definitely what was evidenced by the great 
variation of the nutrient levels found between storms in. the gutter 
samples (Tables 2 and 3). Leaf fall probably played an important part 
of the contribution of the street gutters also as leaves were often 
piled in gutters for collection. 
Hartigan et al . (1977) felt that the impervious surfaces played a 
considerable role in urban nutrient runoff. They stated that the unit 
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area nitrogen, phosphorus, and heavy metal loadings per wiit time 
appeared to be positively related to impervious ground surface. Nu-
trient levels in the asphalt parki_ng lot were fowid to be low as was 
the pH. The_low_phosphate readi_ngs were _in some_disagreement with a 
study done on the same parking lot ~lien it was first constructed. 
o Sease (1976) found levels aver_agi_ng 3.58 ug-at phosphate as compared 
to 0.070 ppm (0.731 ug-at) obtained in this study. It is possible 
that as the asphalt ages, phosphate supplies decrease. '!'.he parking lot 
sam~le contained few nutrients and little particulate matter as demon-
strated by the low turbidity (Table 7). Tiie asphalt contributed large 
amounts of rwioff, but few factors that would contribute to lake eutro-
phication. 
The~forested area contributed little direct runoff, and it seems 
likely that most of the water enters lakes as ground water by infiltra-
tign._ Tiiis was evidenced by_~he difficulties in obtaining samples. 
The lack of direct runoff in the forest area could be due to a number. 
of reasons. Usually much water enters the lake as subsurface runoff in 
mineral soil, and only when heavy precipitation or a large snow melt 
occurs does a large proportion enter as direct surface rwioff (Hynes, 
1970). Only when a large continuous rainfall occurred were collections 
able to be obtained from this wooded area. Factors that may have been 
involved are leaf and tree cover as mentioned earlier and also roots 
breaking up the ground enabling water seepage. Tiie variation of nutrient 
levels could be partly due to difficulty in locating runoff points; 
occasionally standing water was collected for e_xamination. This might 
explain some of the ~igher nutrient levels. Forest areas, in general, 
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cut down on immediate runoff and tend to maintain moist soil, which 
results in more steady stream flows through unde_rground channels (Hynes, 
1970). # Coope-r~(l971) stated that phosnhorus and nitrogen levels typ_i:-
cally_ are low in drain.age from forest systems. Forest cover regulates 
nutrient output both by storing nutrients in standing vegetation and 
Q}' influencing the flow of water through the soil profile (Cooper, 
1971). The high_ November 1 V3--_lues of phosphate _and nitrate in the 
forest sample were due to the ia_rge amount of )e_.?-f _fall that had oc-
curred and was still occurring. 
The ratio of nitrogen to phosphorus present in the runoff samples 
as shown in Table 4 can be directly related to plant growth and limiting 
factors. Wetzel (1975) stated that this ratio in plants is about 7N/1P 
(14 NOilP04) by weight, and that the nitrogen of most natural waters 
usually exceeds phosphorus by more than an order of magnitude, and 
usually much more. When the ratio becomes smaller then the limiting 
factor is no lo_nger phosphorus. The ratios present in the runoff were 
small and therefore, it is probable that this experiment did not define 
the limiting factor. The highest averag~ ratio __ found_in. this_study_w.as 
about 2N03L_l_EQ4 found in the parking lot. 
The bioassay section of the experiment provided some unexpected 
and perplexing results. There are many difficulties in trying to dupli-
cate a natural environment in a laboratory such as light intensities, 
enclosure of the growth flasks, surface areas, and oxygen content. 
Natural waters themselves are unsatisfactory for sustained growth of 
algae in the laboratory, mainly because some essential nutrients 
are usually present in only trace amounts, their concentrations 
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depending on dynamic equilibria which are disturbed when the water is 
collected (F_o.gg, 1965). 
In Table 8 and Table 9 the results of the bioassay are presented 
as values of carryi.ng capacity and coefficient of growth, respectively. 
The mean values are presented in Table 10; note that the control values 
of both the carrying capacity and the coefficient of growth are higher 
than the values of the experimental flasks. This disagrees with a 
similar study by Shapiro (1973) in which runoff from urban storm drains 
was added to lake water with pure lake water serving as the control. 
Shapiro found definite increases in growth in the spiked flasks over 
that in the control flasks which did not exhibit any growth, but re-
mained stable. In the Westhampton Lake study, the temperature of the 
lake water was raised from 4 C to 13 C to ensure growth, whereas in 
Shapiro's study the temperature was constant. Shapiro also added 
smaller amounts of runoff (about 10%) to the lake water, as opposed 
to 20% addition of runoff in this study. 
The experimental flasks showed little differences in logistic 
growth values between the various areas. The difference between growth 
in the experimental flasks and the control could be due to the lack of 
some essential nutrients in the runoff flasks. The runoff also might 
have contained some inhibitor that affected growth. There was no corre-
lation between nutrient amounts and growth values. Moore (1973) found 
no significant correlation of primary productivity in Westhampton Lake 
and nutrient levels in the lake but thought that multiple factors 
affecting photosynthesis were involved. There is no definite explana-
tion for the lack.of effect of the runoff on the lake water. It is 
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possible that most of the. growth limiti.ng factors enter the runoff as 
it nears the end of its journey into a stream or major drainage ditch, 
and these samples did not contain all the essential nutrients since they 
were samples taken directly from the sources. This is to say that what 
is characteristic of the stream might not be characteristic of the 
storm water runoff. The stream water used in other studies had an 
effect on growth whereas in the Westhampton Lake study the runoff from 
the land surface had none. 
The great number of diatoms present was in agreement with other 
studies. Schelske (1971) claimed that with increasi.ng supplies of 
phosphorus, the following change will occur: the phytoplankton assem-
blages will be dominated by diatoms and standing crops will continue to 
increase until supplies of silica are depleted and become limiting to 
diatoms. After silica depletion diatoms will comprise a smaller pro-
portion of the standing crop and blue-green and green algae a larger 
proportion. Possibly the Westhampton Lake experiment was stopped 
before the blue-green and green algae became dominant. This dominance 
is also dependent on the season, as blue-greens are abundant when tem-
peratures are high. 
It is apparent that more work is needed in the field of urban 
runoff, especially in determining at which point in the runoff cycle 
most of the nutrients enter. Further bioassays need to be run to deter-
mine effects of runoff from different time periods and different places 
because chemical analysis may show the presence of nutrients in runoff 
that might affect the growth of plants but only a bioassay can verify 
their significance. 
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Figure 1. Residential, Glen Parkway, Henrico County, near the 
University of Richmond, Va. 
27 
28 
Figure 2. Street Gutter, Lindsay Street, Henrico County, Virginia 
near Tuckahoe Elementary School 
29 
30 
Figure 3. Parking Lot, Robins Center of the University of Richmond 
Virginia. 
31 
32 
Figure 4. Forest, Westhampton Lake on the campus of the University 
of Richmond, Virginia. 
33 
34 
Figure 5. Drainage basin of Westhampton Lake, Richmond, Virginia. 
Sampling areas are marked as follows: 
A. Residential Area 
B. Street Gutter Area 
C. Parking Lot Area 
D. Forest Area 
E. Location of Three Chopt Weather Station, Everview Rd. 
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Figure 6. Apparatus used in collecting runoff samples. 
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Table 1. Storm Characteristics, 1977-1978. Precipitation is that for 
24 hours prior to about 7:30 a.m. on date indicated. All 
collections were made on the first date of each storm. In-
formation obtained from Three Chopt Station of National 
Weather Bureau, 691S Everview Road, Richmond, Virginia. 
Storm Date Days Since Av. Air Precipitation Description 
Last Rain Temp. (oC) (cm) of Storm. 
October 26 9 18 1. 93 heavy 
October 27 6.63 
October 28 0.08 
November 1 3 lS 0.56 moderate 
November 2 0.99 
November 3 0.28 
November 4 0.86 
November s 2.S9 
November 6 0.23 
November 7 2.82 
November 8 0.28 
November 17 8 18 0.30 light 
November 18 0.20 
November 22 3 11 0.20 light, continuous 
November 23 1.14 
November 24 0.20 
December s 3 11 1.40 light-moderate 
December 6 l.4S 
December 7 0.33 
December 14 4 13 0. OS heavy 
December 15 2.46 
January 7 4 6 . 99 moderate 
January 8 . OS 
January 9 S.08 
January 13 3 -1 4.06 heavy, freezing 
rain 
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Table 2. Concentrations of reactive phosphate in ppm in runoff 
from different land surfaces. 
Date Region Storm 
Mean 
Residential Gutter Parking Lot Forest 
October 26 0.234 0.157 0.035 0.061 0.122 
November 1 0.318 0.739 0.022 0.504 0.396 
November 17 0.214 0.264 0.239 
November 22 0.242 0.074 0.158 
December 5 0.175 0.066 o. 036 0.092 
December 14 0.123 0.053 o. 034 0.200 0.103 
January 7 0.043 0. 071 o. 017 0.044 
January 13 0.150 0.135 0.075 0.120 
Average 0.174 0.209 0.070 0.255 
Table 3. Concentrations of N03-N in ppm in runoff from different 
land surfaces. 
Region 
Date Residential Gutter Parking Lot Forest 
October 26 0.190 0.076 0.049 0.093 
November 1 0.140 0.530 0.080 0.257 
November 17 0.297 0.350 
November 22 0.616 0.414 
December 5 0.146 0.122 0.084 
December 14 0.118 0.051 0.053 0.164 
January 7 0.352 0.095 0.091 
January 13 0.106 0.082 0.053 
Average 0.175 0.234 0.147 0.171 
40 
Storm 
Mean 
0.102 
0.252 
0.324 
0.515 
0.117 
0.096 
0.179 
0.080 
Table 4. The ratio of concentrations of nitrate-ni tr.ogen to reactive 
phosphate present in the runoff samples. 
Region 
Date Residential Gutter Parking Lot Forest 
October 26 0.81 0.48 1.40 1.52 
November 1 0.44 o. 72 3.60 0.51 
November 17 1.38 1.32 
November 22 2.54 5.59 
December 5 0.83 1.84 2.33 
December 14 0.96 0.96 1. 55 0.82 
January 7 8.19 1.33 5.35 
January 13 0.70 0.61 o. 71 
Average 1. 23 2.73 0.95 
1This average does not include the discrepancy of January 7 
in the residential area. 
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Table 5. Values of pH of runoff. 
Region 
Storm 
Date Residential Gutter Parking Lot Forest Mean 
October 26 6.6 6.7 6.0 6.6 6.5 
November 1 6.9 7.0 5.1 5.6 6.2 
November 17 6.6 4.5 5.6 
November 22 8.1 4.4 6.2 
December 5 6.5 6.9 4.9 6.1 
December 14 6.6 6.8 5.0 6.2 6.2 
January 7 7.0 6.6 4.6 6.1 
January 13 6.2 6.8 4.8 5.9 
Average 6.6 6.9 4.9 6.1 
43 
Table 6. Turbidity values in Jackson Turbidity Units of runoff samples 
from different land surfaces. 
Region 
Storm 
Date Residential Gutter Parking Lot Forest Mean 
October 26 210 65 38 125 110 
November l 50 120 5 >500 169 
November 17 25 46 36 
November 22 55 18 36 
December 5 130 65 40 78 
December 14 85 45 45 >500 169 
January 7 80 45 32 52 
January 13 so 120 68 79 
Average 101 68 36 375 
Table 7. Quality of lake water used as controls and logistic growth 
values. 
Experiment 1 
Experiment 2 
Carrying 
Capachy 
102.7 
131.3 
Coef. of 
growth 
0.33 
0.31 
p~ 
(ppm) 
0.099 
0.035 
Turbidity 
42 
110 
Temp. 
oc 
5 
4 
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Table 8. Values of carrying capacity (K) of experimental flasks. 
Experimental flasks contained SO ml runoff and 200 ml 
lake water. The same lake water was used for all. 
Region 
Storm 
Date Residential Gutter Parki_ng Lot Forest Mean 
October 26 74.3 74.0 75.7 74.S 74. 6 
November 1 78.7 103.8 81. 0 62.0 81.4 
November 17 99.0 118. 7 108.9 
November 22 91.3 102.0 96.6 
December 5 116.0 114. 7 106.7 114.6 
De'cember 14 107.7 117 .3 102.0 145.3 118.1 
January 7 106.S 106.3 111. 0 107.9 
January 13 118.0 124.0 103.7 115. 2 
Average 100.2 103.8 100.1 93.9 
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Table 9. Values of coefficient of growth (r) of experimental flasks. 
Region 
Storm 
Date Residential Gutter Parking Lot Forest Mean 
October 26 0.28 0.32 0.31 0.30 0.30 
November 1 0.32 0.27 0.34 0.18 0.29 
November 17 0.35 0.31 0.33 
November 22 0.30 0.33 0.32 
December 5 0.32 0.31 0.29 0.31 
December 14 0.29 0.31 0.31 0.33 0.31 
January 7 0.34 0.31 0.32 0.32 
January 13 0.35 0.32 0.30 0.32 
Average 0.32 0.31 0.31 0.27 
Table 10. Sununary of characteristics of storm water runoff from different land surfaces. Values 
are means and standard deviations. 
Characteristic 
Carrying Capacity 
(K) 
Coefficient of 
Growth 
P04 (ppm) 
N03 (ppm) 
pH 
Turbidity 
Residential 
100.2 ! 18.9 
+ 0.32 - 0.03 
0.174 + - 0.094 
+ 0.175 - 0.091 
6.6 ! 0.3 
100.8 : 61.0 
Gutter 
103.8 ! 16.0 
+ 0.31 - 0.02 
+ 0.209 - 0.225 
+ 0.234 - 0.224 
6.9 ! 0.5 
+ 67.5 - 34.8 
Region 
Parking Lot Forest 
100.1 + 14.6 93.9 ! 44.9 
+ 0.31 - 0.02 + 0.27 - 0.08 
+ 0.070 - 0.081 0.255 + - 0.226 
+ 0.147 - 0.147 0.171 + - 0.082 
4.9 ! 0.5 6.1 ! o.s 
+ 36.5 - 18.9 375.0 : 216.S 
Control 
117 .0 
0.32 
0.067 
6.6 
76.0 
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Table 11. Comparison of concentrations of phosphate and nitrate 
in runoff from different areas. 
N03 P04 
Source Area (ppm) (ppm) 
Sylvester (1961) urban area 0.53 
Weibel (1964) urban area, 
Cincinnati, Ohio 0.40 0.80 
Kleusner and Lee urban area, 
(1974) Madison, Wisconsin 0.60 
Harriss and Turner 
(1974) urban area 0.115 0.123 
Harriss and Turner 
(1974) forest area 0.063 0.103 
Shapiro (1973) storm drain in 0.191 - 0.757 
urban area (total P) 
Sherrard and Hoyle urban area, 
(1977) Salem, Virginia 0.44 - 1.32 0.01 - 0.15 
Whipple et al. (1976) residential area 0.1 - 1.0 
Coppedge (1978) residential area 0.175 0.174 
gutter area 0.234 0.209 
parki_ng lot area 0.147 0.070 
forest area 0.171 0.255 
Appendix A. Fluorescent Readings Experiment 1. 
Analysis Dates 
Storm Date Area Sample 1-9 1-10 1-11 1-12 1-13 1-16 1-17 1-18 1-19 1-23 
October 26, 1977 Residential 1 10 10 9 9 10 14.5 20 28 44 78 
2 10 10 9 11 9 20 33 40 57 66 
3 9 9 9 10 10 21.5 34 46 64 79 
October 26, 1977 Gutter 1 5 5 4 4.5 4.5 8 16.5 24 40 78 
2 4.5 4 4 4 4 5 9.5 14.5 30 68 
3 5 5.5 4 4.5 5 8 15 27 56.5 76 
October 26, 1977 Parking Lot 1 5 4.5 4 4 4 12 19 30.5 51 77 
2 4 4 4 4 4 5 8 11.5 25 57 
3 5 4 3.5 3.5 3.5 5 8 13.5 34.5 68 
October 26, 1977 Forest 1 7 6 6 6.5 6.5 13 20.5 27.5 44 74.5 
2 7 7 6 6 6 17.5 30.5 46.5 66 85 
3 7 6 6 5 5.5 9 13 21 38 64 
November 1, 1977 Residential 1 6 5.5 5 5 4.5 6.5 11 20 30 72 
2 5 5 4.5 4.5 5 10 21 28 64.5 78 
3 5 5 4.5 4.5 4 10 16 27 60 86 
November 1, 1977 Gutter 1 7 6 5.5 6 6 5.5 7 8 13 90 
2 7 6 5 5 5 4.5 5.5 6.5 11 94 
3 6.5 6 5.5 6 5.5 5 6.5 9 15 95 
November 1, 1977 Parking Lot 1 4 3.5 4 4 4 6.5 14 24 39 69 
2 4.5 4 3.5 3.5 4 7 15 30 46 90 
3 4.5 4 3 4 3.5 6.5 12.5 22 40 84 
November 1, 1977 Forest 1 15 14 10 14 14 15 19 25.2 47 60.5 
2 16 14 9 13 14 10 14 19 32 61 
3 15 15 10 11.5 13 14 15 20.5 34 82 
November 17' 1977 Gutter 1 5 4.5 4 4 5 10 23 40 58 94 
2 5 5 5 4 4.5 11 19.5 32 61 98 
3 4.5 4 4 3.5 4 7 12.5 31 53 105 
November 17' 1977 Parking Lot 1 5 4.5 4 4 4 5 13.5 15 29 120 
2 6 4.5 4 5 4 5 10 22 25 108 
3 5 4.5 4 4 4 5.5 10 18 26 128 
November 22, 1977 Gutter 1 6 4.5 4 4 4 7.5 15 18 37.5 80 
2 5.5 4.5 4 4.5 4.5 7.5 14.5 25 27 84 
3 5.5 5 4.5 5 5 11 21 32 41 110 
Appendix A. Fluorescent Readings Experiment 1. 
Analysis Dates 
Storm Date Area SamEle 1-24 1-2S 1-26 1-27 
October 26, 1977 Residential 1 76 73 66 so 
2 S2 44 40 30 
3 70 70 54 42.5 
October 26, 1977 Gutter 1 77 70 68 70 
2 58 63 47.5 48 
3 76 64.5 57 so 
October 26, 1977 Parking Lot 1 85 70 59 49 
2 64 60.S 60 63 
3 78 69 6S 64 
October 26, 1977 Forest 1 73 64 50 47 
2 66 62 61 51 
3 60 64 50 60 
November 1, 1977 Residential 1 60 45 44 42 
2 78 69 68 48 
3 77 73 74 73 
November 1, 1977 Gutter 1 87.5 76 73 70 
2 104 97 99 98.5 
3 120 130 135 130 
November 1, 1977 Parking Lot 1 60 55 52 44 
2 94 87 86 72.5 
3 76 76 64 68 
November 1, 1977 Forest 1 64.5 62 64 57 
2 55 59 S7 60 
3 65 65 63 66 
November 17, 1977 Gutter 1 110 90 84 75 
2 80.5 85 79 75 
3 100 87 84 70 
November 17, 1977 Parking Lot 1 120 124 110 100 
2 91 90 78 84 
3 124 130 130 130 
November 22, 1977 Gutter 1 63.5 55 52 50 
2 66 50 36 26 
3 82 80 72 57 
(J1 
0 
Appendix I\. Fluorescent Readings Experiment 1 
Analysis Dates 
Storm Date Area Sample 1-9 1-10 1-11 1-12 1-13 1-16 1-17 1-18 1-19 
November 22, 1977 Parking Lot 1 4 3.5 3 3.5 3.5 4.5 7.5 13 31 
2 4 3.5 3 3 3 3.5 6.5 16 30 
3 4 3 3 3.5 3.5 4 9.5 17 29.5 
Control Lake Water 1 5 4 4 4 4 10 16 34 56 
2 4.5 4 4 4 4 6.5 11 20 40 
3 4 4 3.5 4 3.5 4 6.5 15.5 27 
Appendix J\. Fluorescent Readings Experiment 1. 
Storm Date Area Sample 1-23 
November 22, 1977 Parking Lot 1 90 
2 106 
3 110 
Control Lake Water 1 88 
2 100 
3 120 
Analysis 
1-24 1-25 
99 104 
95 85 
92 94 
80 52 
82 69 
94 92 
Dates 
1-26 
94 
82 
87 
52 
65 
92 
1-27 
91 
91 
70 
49 
40 
91 
ll1 
N 
Appendix B. Fluorescent Readings Experiment 2. 
Storm Date Area Sample 2-1 2-3 2-6 
December s, 1977 Residential 1 10 9.S 12 
2 10 9.S 13.S 
3 10 9.S 12 
December s, 1977 Gutter 1 9 8.S 10 
2 9 8 10.S 
3 9 8.S 10 
December s, 1977 Parking Lot 1 8.S 8.S 9.S 
2 8 8 8 
3 8.S 8 8.S 
December 14, 1977 Residential 1 10 9.S 10 
2 10 10 10.5 
3 10 10 11.5 
December 14, 1977 Gutter 1 8 8.S 8.S 
2 8.S 8.S 9 
3 8 8 8 
December 14, 1977 Parking Lot 1 9 8.S 10 
2 9 8 9 
3 8.S 8.S 9.S 
December 14, 1977 Forest 1 17 lS 20 
2 18 16 21 
3 18.5 lS.S 22 
January 7, 1978 Residential 1 9.5 9 12 
2 9.5 9 13 
3 10 9.5 11 
January 7, 1978 Gutter 1 9 8 8.S 
2 9 9 8.S 
3 8.5 8 8 
January 7, 1978 Parking Lot 1 8.S 8 8 
2 8.S 8 9 
3 8 8 7.5 
January 13, 1978 Residential 1 8 8 9.S 
2 8 8 10 
3 8.5 8 10 
Analysis Dates 
2-7 2-8 2-9 2-10 
18.S 37 so.s 73.S 
18 32 48 72.S 
22 32.S so.s 63 
14.S 26 34.5 52 
14 27 43.S S8 
lS.S 23 39.S S6.S 
11.S 17.S 29 43 
10.S 16 23.5 38 
11 15.5 2S 40 
14 26.S 41 60 
12.S 21. 5 35 .5 57 
15 25 39 61 
12 19.S 32.S 48 
10.S 12 28.S 40 
10 lS 27 38 
15.S 2S.S 38 so 
14.S 24 37.S Sl 
16.S 26.S 37 so 
33 59.5 83.S 106 
28.5 60 86 110 
36 66 99 126 
16 32 so 71 
19 30 so 61 
18 30.S 55 73 
13.5 19 38 S9 
11. s 2S. 5 39. 5 65 
11.S 21.5 41 63 
11 16.S 31 47 
12 19 3S Sl 
9.5 15.5 2S 41.5 
14.5 28 so.s 69 
15.S 29 so 7S.5 
16.5 27 52.S 74 
2-13 2-14 
132 108 
106 104 
110 102 
102 114 
124 110 
118 119 
73 104 
72.S 87.S 
82 104 
99 98.S 
104 113 
120 111 
102 106 
114 134 
91 112 
98.S 104 
102 106 
83 96 
136 138 
160 145 
140 143 
100 91.5 
93 100 
120 128 
lOS 93 
112 108 
102 105 
112 106 
111 116 
99 111 
116 100 
118 101 
120 122 
2-lS 
110 
89.S 
91 
100 
100.S 
104 
103 
103 
114 
8S.S 
90 
87 
1-7 
124 
110 
98.S 
106 
8S 
138 
146 
148 
91 
87.S 
93.S 
81 
100 
99.5 
110 
104 
108 
94 
82 
106 
2-16 
96.S 
80 
82.S 
102 
92.S 
100 
9S.S 
102 
110 
73.5 
8S.S 
79.S 
88 
111 
lOS 
83 
101 
7S.S 
9S 
109 
102 
76 
74.S 
90 
73 
99.S 
90 
93 
97 
96 
86 
73 
102 
U1 
e,,1 
Appendix B. Fluorescent Readings Experiment 2. 
Analysis Dates 
Storm Date Area Sample 2-1 2-3 2-6 2-7 2-8 2-9 2-10 2-13 2-14 2-15 2-16 
,January 13, 1978 Gutter 1 9.5 8.5 10 12.5 23 43 56 124 128 116 102 
2 10 8.5 10 14 23.5 38.5 61 118 114 118 103 
3 10 9 11 13.5 29 43.5 60 120 130 115 95.5 
January 13, 1978 Parking Lot 1 8 10 10 10.5 17 32 49 96 102 90 78 
2 8 7.5 8 10 17 32 44 101 104 95.5 92 
3 11 11 11 12.5 19 35.5 52 105 105 97 93 
Control Lake Water 1 10 9.5 10.5 12.5 18 36.5 55 123 126 111 93 
2 10 9.5 10.5 12 19.5 33 55.5 116 130 121 118 
3 10 10.5 10 13 20 33 53 120 138 130 122 
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